The reactions between Na2-dithiolterephthalate and heavy metal ions viz. Zn 20 , Cd 2 ® and Hg 2 ®, have been investigated amperometrically in the presence of 0.25 M KN03 and 0.001% Triton X-100 at £d.e. = -0.01 volt vs. S.C.E. The end points indicate the formation of only one, 1 : 1 compound with all the three elements. The equilibrium constants and the solubility products for the reactions have also been calculated adopting R i n g b o m's treatment.
Experimental
Current measurements were made using a Cambridge (general purpose) polarograph coupled with a dropping mercury electrode and saturated calomel electrode. The capillary had the following characteristics: m = 1.427 mg/sec. t = 3.62 sec and mt Vt = 1.571 mg Vs sec -,/j at zero volt (vs S. C. E.) in 0.1 M KNOa . Deaeration and stirring of solutions were carried out by bubbling oxygen free nitrogen. All titrations were carried out at 30 °C maintained by an electrically operated thermostat type U3 (German).
Dithiolterephthalic acid was obtained from Evan's Chemetics, New York (N. Y.). All other chemicals used were of Anal-R B. D. H. grade. Dithiolterephthalic acid is insoluble in water. A 0.1 M stock solution of its disodium salt was prepared by digesting a known weight of dithiolterephthalic acid in a requisite amount of NaOH which took about 3 -4 days.
Result and Discussion
In an earlier communication 1 , the authors have reported that the R(SNa)2 depolarizes the mercury with the formation of an intermediate soluble mercurous compound which rapidly changes into an insoluble mercuric complex. The anodic wave corresponds to the two electron oxidation process and was found to be diffusion controlled, whose height depends on the concentration of the depolarizer. The proportionality of the diffusion current with concentration and the limiting current plateau potential, -0.01 volts vs. S. C. E., at which most of the heavy metal ions do not reduce, provide favourable conditions for performing amperometric titrations of metal ions.
In order to study the reactions of Zn(II), Cd (II), and Hg(II) with R(SNa)2, a series of amperometric titrations were carried out using different concentrations of the reactants both by direct and reverse methods at Ed.e. = -0.01 volt and in presence of 0.25 M KN03 and 0.001% Triton X-100. Aliquots of titrant were added by means of a micro-burette and the observed currents after correction for dilution effect were plotted against volume of the titrant, and end points were located graphically.
Interaction of Zn(II) and Cd(II) with
R(SNa)2. where M 2 ® stand for Zn 2 ®, Cd 2 ® or Hg
Reaction between Hg(II) and R(SNa)2
As at the applied potential -0.01 M (vs. S. C. E.) the metal and ligand ions produce cathodic and anodic currents respectively, the shape of the titration curves in the case of Hg(II) is different from that obtained for Zn(II) and Cd (II). In case of direct titrations, (Fig. 1 , curve Ilia) when the Hg 2 ® ions were added from the microburette the anodic current decreases gradually till the end point is reached, beyond which cathodic current appeared due to the reduction of free mercuric ions added. When mercuric chloride solution was used as titer reverse phenomenon was observed (curve III b). The end points were obtained from the point of intersections of anodic cathodic current line with the zero current axis (i. e. galvanometer zero line). Both direct and reverse titrations indicated the interaction of Hg(II) and R(SNa)2 in the ratio of 1 : 1 in the same way as Zn(II) and Cd (II) reacted.
Evaluation of equilibrium constants and solubility products
RINGBOM 2 has given an admirable discussion of the significance of Kt (the conditional or formal equilibrium constant) in titration procedures and has described a convenient method for its evaluation. In the absence of any side reaction that could consume either ion, the Kt for the precipitation titration would be simply the reciprocal of solubility product. Hence from the evaluated values of Kt solubility product may also be known. The following equation has been given for the determination of Kt:
(C°M stands for critical concentration of Metal ion, r is dilution parameter r = C°M|C*, Cx is concentration of titrant) i° and i are diffusion current and the current at any point on the titration curve respectively, and / is the titration parameter and is defined by where Z represents the number of metal ions attached to ligand, which is one in the present investigation; is the volume of the titrant added and F°M the initial volume of the titre.
In the present case the oxidizable ligand is titrated with inert metal ion and the concentrations of both the solutions are known, the value of Kt under the conditions of titration may be obtained by the appropriate use of the above equations (2). Thus of Kt were calculated from the equations (4). The values of Kt and solubility products (Ks) evaluated for Zn(II) and Cd (II) complexes are tablulated below. The Hg(II) compound was found highly insoluble and the curves did not permit the evaluation of Kt.
It is apparent from the preceding study that the reactivity of Zn(II), Cd (II) and Hg(II) with R(SNa). is in the following order: Zn < Cd < Hg .
